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© An improved gas insufflation system for deliver- 
ing high pressure insufflation gas to a patient. The 
insufflation system comprises a gas line for de- 
livering insufflation gas to a patient connected to a 
gas supply system which is under control of an 
electronic control system. The electronic control cir- 
cuit is responsive to the gas pressure and gas flow 
rate in the line for controlling the gas supply system 
to deliver the gas in the line at a predetermined 
pressure and flow rate. The electronic control circuit 
is also connected to a patient monitoring system for 
reducing the gas pressure and flow rate when a 
patient physiological parameter reaches a predeter- 
mined level. A display panel is also connected to the 
electronic control circuit for displaying gas pressure, 
flow rate, and the physiological parameter. The gas 
supply system includes first and second gas reser- 
voirs connected to an electronically controlled valve 
which selectiv ly connects the gas reservoirs to the 
gas line. Heating elements and thermal insulation are 
also provided disposed about th gas lin to main- 
tain th t mperature of th insufflation gas at a 


prescribed level. 
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Technical Reld 

This inv ntion relates g nerally to an apparatus 
for the insufflation of gas into a human or animal 
body and, in particular, to an improved apparatus 
and method of insufflation. 

Background of the Invention 

Minimally invasive surgical procedures such as 
laparoscopy and hysteroscopy require the insuf- 
flation of gas into a body cavity. Known insufflation 
apparatuses pass gas from the pressurized reser- 
voir through the gas line and an insufflation or 
Veress needle into the body cavity. The gas flow 
rate is measured by the meter in the gas line and 
controlled by the gas regulator. The pressure in the 
body cavity is measured by the pressure meter 
within the insufflation apparatus and gas is deliv- 
red at a selected rate until the desired pressure is 
reached within the body cavity. Commercially avail- 
able, electronic insufflation apparatuses typically 
provide gas flow rates in the range of 6 to 10 liters 
per minute. However, as surgical procedures utiliz- 
ing insufflation become more sophisticated and 
complicated, there is a demand for delivery of gas 
at higher flow rates. The greater the number of 
access sheaths used during a procedure, for exam- 
ple, the more rapidly gas escapes from an insuf- 
flated body cavity, Furthermore, in surgical proce- 
dures utilizing lasers, the smoke generated by the 
lasers temporarily obscures vision at the surgical 
site. The smoke can be readily dissipated by in- 
troducing a leak into the body cavity, but high gas 
flow rates are required to maintain pressure in the 
insufflated body cavity. 

A problem with the use of known insufflation 
apparatuses at higher flow rates is that the amount 
of gas introduced into the body cavity must be 
carefully controlled to avoid over-inflation of the 
body cavity. Over-inflation of the body cavity can 
induce injury to hollow vessels and organs of the 
body due to compression and reduced blood flow. 
Over-inflation also can compromise cardiovascular 
function by impairing venous return to the heart. 
Another problem with the use of known ap- 
paratuses at higher flow rates is the likelihood of 
increased gas absorption from the insufflated body 
cavity into the blood stream or subcutaneous tis- 
sues of the body. When insufflating a body cavity 
such as the peritoneum with CO2 , for example, the 
absorption of CO2 can result in any of a number of 
complications, including subcutaneous emphyse- 
ma, hemodynamic decompensation, compromised 
cardiovascular performance, hypercarbia, acidosis, 
hypox mia, hypotension, increas d heart rat , car- 
diac arrythmia, and compromised cardiovascular 
performance. Moreover, the risk of cardiac arrhyth- 


mia is increased during a procedure utilizing 
catecholamines and anaesthetic agents in conjunc- 
tion with CO2, insufflation. 

Yet another probl m with th use of known 

5 insufflation apparatuses at higher gas flow rates is 
that all known insufflation gas is derived from a 
pressurized gas reservoir. As the gas passes from 
the pressurized reservoir through the insufflation 
needle, the components or the insufflation appara- 

70 tus exhibit a cooling effect. Higher gas flow rates 
increase the cooling effect. As a result, there is 
condensation of water within the insufflation ap- 
paratus. Furthermore, a significant cooling effect 
within the body cavity of the patient can occur. 

is Still yet another problem with the use of known 

insufflation apparatuses at higher gas flow rates is 
that all known insufflation apparatuses utilize a sin- 
gle pressurized gas reservoir for the supply of gas. 
The size of the gas reservoir varies, but is gen- 

20 erally of a size sufficient for supplying gas for 
several relatively simple, uncomplicated surgical 
procedures. However, larger volumes of gas are 
needed for surgical procedures that are more so- 
phisticated and complicated, as previously sug- 

25 gested. As a result, there is an increasing trend to 
attach larger pressurized gas reservoirs to existing 
insufflation apparatuses. A problem with the attach- 
ment of larger reservoirs to existing apparatuses is 
that a large gas reservoir makes the apparatus 

30 bulky, cumbersome, and less mobile. Another 
problem with the approach of attaching larger res- 
ervoirs is that the storage and handling of large 
pressurized gas reservoirs present an increased 
safety risk. 

35 

Summary of the Invention 

The foregoing problems are solved and a tech- 
nical advance is achieved in an illustrative gas 

40 insufflation system as claimed in claim 1. The 
insufflation system advantageously includes an 
electronic control circuit responsive to gas pressure 
and flow rate in a gas supply line for controlling a 
gas supply system that supplies insufflation gas to 

45 the line. 

The insufflation system further comprises a pa- 
tient monitoring system which is connected to the 
electronic control circuit. The monitoring system is 
responsive to at least one of a plurality of patient 

50 physiological parameters for signaling the electron- 
ic control circuit When the patient physiological 
parameter reaches a predetermined level, the elec- 
tronic control circuit controls the gas pressure and 
flow rate in the line in respons to th said at least 

55 one patient physiological parameter. 

The gas supply syst m includes a first pres- 
surized gas storage reservoir, pressure and flow 
rate measuring transducers coupl d to the elec- 
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tronic control circuit, and a gas regulator all con- 
nected to the gas line. The gas supply system 
further includes an electronically operated valve 
conn cted to the gas lin and responsive to th 
electronic control circuit for controlling the flow of 
gas in the line. 

The gas supply system further comprises a 
second gas reservoir and an electronically con- 
trolled valve coupled to the first and second gas 
reservoirs and responsive to the electronic control 
circuit for selectively connecting the gas line to the 
first and second gas reservoirs. 

To reduce cooling of the gas during expansion 
from the pressurized gas reservoirs, a heating ele- 
ment and thermal insulation is disposed proximate 
the gas line and at least one of a pressure reducer 
and a gas regulator. 

Brief Description of the Drawing 

FIG. 1 depicts a schematic block diagram of an 
insufflation system of the present invention with 
a patient monitoring system attached thereto; 
FIG. 2 depicts a schematic block diagram of an 
enhancement to the insufflation system of FIG. 1 
with insulating and heating elements; and 
FIG. 3 depicts a schematic block diagram of 
another aspect of the insufflation system of FIG. 
1 with a gas supply system that accommodates 
two gas reservoirs. 

Detailed Description 

FIG. 1 depicts a schematic block diagram of an 
illustrative insufflation system 10 of the present 
invention with a patient monitoring system 13 at- 
tached thereto. Insufflation system 10 includes gas 
supply system 11, which passes gas from a pres- 
surized reservoir 16 through gas line 33 and into a 
body cavity via insufflation delivery apparatus 14 
such as a Veress needle positioned in communica- 
tion with the body cavity of patient 15. Insufflation 
system 10 further includes a well-known electronic 
control circuit 12 for controlling the flow of gag and 
a well-known patient monitoring system 13, which 
monitors a physiological patient parameter and 
supplies information from patient 15 to the elec- 
tronic circuit Alternatively, electronic circuit 12 is a 
microprocessor. Furthermore, patient monitoring 
system 13 can be integrated into the same housing 
as electronic circuit 12, rather than being con- 
nected to the electronic circuit via an external con- 
nector as illustrated. 

Patient monitoring system 13 preferably mea- 
sures end-tidal CO2 (commonly r f rred to as 
capnograph). Wh n end-tidal CO2 levels indicat 
that significant absorption of CO2 has occurred, the 
electronic control circuit reduces or stops delivery 


of CO2 gas to the body cavity and/or notrfi s the 
surgeon that the pati nt is at risk. Atternativ ly, th 
patient monitoring system is a pulse oximeter, an 
ECG, or a multifunction patient monitoring system 

5 formed from a combination of these patent monitor- 
ing elements. When the patient monitoring system 
includes a pulse oximeter, reduced hemoglobin 
saturation is communicated to the electronic control 
circuit for reducing or stopping the delivery of CO2 

70 gas to the body cavity and/or notifying the surgeon 
that the patient is at risk. When the patient monitor- 
ing system includes an ECG, cardiovascular com- 
plications or irregularities such as cardiac arrhyth- 
mias or increased heart rate are communicated to 

75 the electronic control circuit, again, for reducing or 
stopping the delivery of CO2 gas to the body cavity 
and/or notifying the surgeon that the patient is at 
risk. 

Gas supply system 11 includes pressurized 

20 gas storage reservoir 16 which is connected via 
gas line 33 to well-known pressure reducer 18. The 
pressure reducer reduces the high pressure in the 
gas reservoir down to, for example, 40-50 kPa. 
Pressure measuring means such as well-known 

25 pressure transducer 17 is positioned in gas line 33 
between the gas reservoir and the pressure re- 
ducer for supplying information to electronic control 
circuit 12. The electronic control circuit controls 
gas flow rate by signalling adjustable gas regula- 

30 tion means 19 such as a motor operated gas 
regulator or an electromagnetically operated regu- 
lator for regulating either pressure or flow. Alter- 
natively, gas regulation means 19 is formed from 
two or more electronically operated valves such as 

35 solenoid valves for directing flow through various 
flow li miters. Yet another alternate construction of 
regulation means 19 is a branch pressure feedback 
gas line to operate a pressure drip operated flow 
regulator. The adjustable gas regulator is posi- 

40 tioned downstream of pressure reducer 18. 

Electronic circuit 12 also controls an electron- 
ically operated valve 20 such as a solenoid valve 
for blocking gas line 33 and stopping gas flow. 
Flow rate measuring means such as flow meter 21 

45 measures the actual gas flow and supplies this 
information to the electronic circuit. Pressure mea- 
suring device 22 such at a well-known pressure 
transducer is positioned in gas line 33 downstream 
from the flow meter for supplying information to the 

50 electronic circuit. Gas passes pressure transducer 
22 via gas line 33 to insufflation needle 14 for 
delivery into the body cavity of the patient. 

In use, electronic circuit 12 receives informa- 
tion from pressur measuring m ans 17 and 22, 

65 flow rate measuring means 21, electronically con- 
trolled valv 20, and patient monitoring system 13. 
The information is preferably displayed on well- 
known display panel 23. When electronic circuit 12 
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is a microprocessor, for xample, information aJso 
can be supplied by a surgeon or technician via the 
display panel. Electronic circuit 12 responds to the 
information provided, as suggested above, and 
controls the gas flow via the appropriate regulators 
and valves. 

FIG. 2 depicts a schematic block diagram of an 
enhancement to the insufflation system of FIG. 1 
with thermal insulation 31 and heating elements 32. 
Thermal insulation 31 partially surrounds pressure 
reducing means 18, regulation means 19, and gas 
line 33 extending therebetween. Thermal insulation 
31 reduces the condensation of the pressurized 
gas passing through gas line 33 from gas storage 
reservoir 16. Heating elements 32 are positioned 
about gas line 33 proximate pressure measuring 
means 17, pressure reducing means 18, and regu- 
lation means 19 for warning the gas and greatly 
reducing the cooling effect off the pressurized gas. 
Thermal insulation 31 preferably surrounds heating 
elements 32 extending along the gas line. 

FIG. 4 depicts a schematic block diagram of 
another aspect of the insufflation system of the 
present invention with a gas supply system that 
accommodates two gas reservoirs. In this manner, 
a large volume of pressurized gas is available to 
the surgeon without the previously suggested dis- 
advantages of using a single, relatively large pres- 
surized gas storage reservoir. Standard sized, pres- 
surized gas storage reservoirs 24 and 25 are con- 
nected via separate gas lines 34 and 35, respec- 
tively, to main gas line 33. Gas storage reservoirs 
24 and 25 are also connected to separate pressure 
reducers 28 and 29, respectively. The pressure 
reducers reduce the high pressure in the gas stor- 
age reservoirs down to, for example, 40-50 kPa. 
The pressure reducers can incorporate into their 
construction a gas flow reducer and a safety valve. 
Separate measuring means 26 and 27 are posi- 
tioned in the separate gas lines 34 and 35 between 
each gas storage reservoir and each pressure re- 
ducer for providing information to electronic circuit 
12. Alternatively, the pressure measuring means is 
incorporated into the pressure reducer. Preferably, 
gas passes via gas line 33 to the insufflation nee- 
dle from only one gas storage reservoir at a time. 
Electronically operated valve 30 provides for se- 
lecting which gas storage reservoir provides pres- 
surized gas to the gas supply system. 

It is to be understood that the above-described 
insufflation system is merely an illustrative embodi- 
ment of the principles of this invention and that 
other insufflation systems may be devised by those 
skilled in th art without departing from th spirit 
and scope of this invention. For example, the insuf- 
flation system is contemplated with any of a num- 
ber of patient monitoring systems that observ any 
of a number of patient parameters. The insufflation 


system is also contemplated to include more than 
two separat gas storage r servoirs. 

Claims 

5 

1. A gas insufflation system comprising: 

a gas line for delivering insufflation gas 
when connected to a patient; 

an electronic control circuit responsive to 
ro gas pressure and gas flow rate in said gas line; 

and 

a gas supply system coupled to and under 
control of said electronic control system for 
supplying insufflation gas to said gas line. 

15 

2. The insufflation system of claim 1 further com- 
prising a patient monitoring system connected 
to said electronic control circuit and responsive 
to a patient physiological parameter, said elec- 

20 tronic control circuit controlling said gas pres- 
sure and said gas flow rate in said line in 
response to said patient physiological param- 
eter. 

25 3. The insufflation system of claim 2 further com- 
prising a display panel coupled to said elec- 
tronic control circuit for displaying at least one 
of said gas pressure, said gas flow rate, and 
said patient physiological parameter. 

30 

4. The insufflation system of claim 1 wherein said 
gas supply system includes a first pressurized 
gas storage reservoir, a pressure measuring 
transducer coupled to said electronic control 

35 circuit, a gas flow rate measuring transducer 

coupled to said electronic control circuit, and a 
gas regulator all connected to said gas line. 

5. The insufflation system of claim 4 wherein said 
40 gas supply system further includes an elec- 
tronically operated valve connected to said gas 
line and responsive to said electronic control 
circuit. 

45 6- The insufflation system of claim 4 further com- 
prising a second gas reservoir, a second pres- 
sure measuring transducer coupled to said 
electronic control circuit, and an electronically 
controlled valve coupled to said first and see- 
so ond gas reservoirs and responsive to said 
electronic control circuit for selectively con- 
necting said gas line to said first and second 
gas reservoirs. 

55 7. The insufflation system of claim 4 wherein said 
gas supply system further comprises a pres- 
sure r ducer connected to said gas lin and 
said gas reservoir. 
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a The insufflati n system of claim 7 wherein said 
gas supply system still further compris s a 
heating temsnt disposed proximate said gas 
line betw n said gas r servoir and at least 
one of said pressure reducer and said gas s 
regulator. 

9. The insufflation system of claim 7 wherein said 
gas supply system further comprises thermal 
insulation disposed proximate at least one of w 
said pressure reducer and said gas regulator. 

10. The insufflation system of any preceding claim 
further comprising a second pressure measur- 
ing transducer coupled to said electronic con- 75 
trol circuit and said gas line and connected to 

said gas line after said gas flow measuring 
transducer. 
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© An improved gas insufflation system (10) for 
delivering high pressure insufflation gas to a patient 
(15). The insufflation system (10) comprises a gas 
line (33) for delivering insufflation gas to a patient 
connected to a gas supply system (11) which is 
under control of an electronic control system. The 
electronic control circuit (12) is responsive to the gas 
pressure and gas flow rate in the line for controlling 
the gas supply system (11) to deliver the gas in the 
line (33) at a predetermined pressure and flow rate. 
The electronic control circuit (12) is also connected 
to a patient monitoring system (13) for reducing the 
gas pressure and flow rate when a patient phys- 
iological parameter reaches a predetermined level. A 
display panel (23) is also connected to the electronic 
control circuit (12) for displaying gas pressure, flow 
rate, and the physiological parameter. The gas sup- 
ply system (11) includes first and second gas reser- 
voirs (16) connected to an electronically controlled 
valve (19) which sel ctively connects the gas reser- 
voirs to th gas line (33). Heating elements and 
thermal insulation are also provided disposed about 
the gas lin (33) to maintain the temperature of the 
insufflation gas at a prescrib d level. 
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